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® In a semiconductor integrated circuit, drain- 
source patfis of an NMOS transistor (102; 202; 302) 
and a PMOS transistor (103; 203, 303) are con- 
nected between the base and emitter of a bipolar 
transistor (101, 201, 301), and control signals (Ci, 
Cz) are applied to gates of the NMOS transistor and 
the PMOS transistor so as to i<eep the NMOS tran- 
sistor and the PMOS transistor at OFF condition 
when the bipolar transistor is operating and so as to 
keep the NMOS transistor and the PMOS transistor 
at ON condition when the bipolar transistor is in the 
quiescent state. 
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SEMICONDUCTOR INTEGRATED CIRCUIT USING 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 

5 

The present invention relates to a senniconduc- 
tor integrated circuit apparatus, and in particular to 
a switching circuit, a tri-state circuit, a precharge 
circuit, a bus discharge circuit, a -static bus system 
and a data processing apparatus, each of which w 
comprises a bipolar transistor and a CMOS transis- 
tor. 

DESCRIPTION OF THE RELATED ART 15 

Hitherto, circuits comprising CMOS transistors 
have been widely used as static and dynamic bus 
drive circuits. In recent years, higher integration 
and higher performance of logic LSIs including 20 
microprocessors are demanded. With the advance 
of higher integration, the load of a bus drive circuit 
becomes heavy. On the other hand, a CMOS cir- 
cuit has a drawback that Its high-speed operation is 
obstructed by higher integration because its load 25 
drive capability is weak. This drawback is effec- 
tively overcome by using a BiCMOS bus driver 
comprising a MOS transistor at its input stage and 
a bipolar transistor at its output stage. However, 
bipolar transistors have problems such as the 30 
lowering of the current gain hpE due to the reverse 
» vcitage between the base and the emitter and 
occurrence of false base current caused by charge 
and discharge of parasitic capacitance associated 
with the base. Unless these problems are over- 35 
come, bipolar transistors cannot be activated at 
high speed. 

Fig. 22 is a drawing for explaining the problem 
of reverse voltage between the base and the emit- 
ter, in Fig. 22, numeral 2201 denotes an NPN 4o 
transistor having a collector connected to a power 
source V^, an emitter connected to a bus 2200. 
and a base connected to reference potential (such 
as the ground) via a resistor 2202. The NPN tran- 
sistor 2201 is in the quiescent state. Numeral 2203 45 
denotes a tri-state driver. When a control signal E 
is "0". the tri-state driver 2203 is in the quiescent 
state, i.e., its output is in the floating state. When 
the control signal E is "1", an input signal a is 
inverted and outputted onto the bus 2200. Assum- so 
ing that the amplitude of the signal existing on the 
bus 2200 is 0 to 5 V, reverse voltage of 0 to 5 V is 
applied between the base and the emitter of the 
NPN transistor 2201 because the base potential is 
0 V. it is known that the current gain hpE of a 



)LAR TRANSISTOR AND CMOS TRANSISTOR 

bipolar transistor gradually lowers if the bipolar 
transistor is subjected to stress of revei-se voltage 
between the base and the emitter. Thus, this is an 
important problem which must be overcome to 
ensure reliability. 

Figs. 23A and 23B schematically show genera- 
tion of a false base current of an NPN transistor in 
the quiescent state. In Fig. 23A. numeral 2301 
denotes an NPN transistor having a collector con- 
nected to a power source Vcc s^d an emitter 
providing an output. And C denotes parasitic ca- 
pacitance existing between the power source Vcc 
and the base of the transistor 2301. If the potential 
of the emitter changes as shown in Fig. 23B in the 
quiescent state with the base current 1b = 0, the 
base potential also changes similarly. Therefore, a 
false base current ib flows through the capacitance 
C. and it is amplified to produce a false collector 
current ic- 

Figs. 23C and 23D schematically show genera- 
tion of a false base current of a PNP transistor in 
the quiescent state. A false base current ib flows 
through capacitance C in the same way as the 
case of NPN transistor. A false collector current ic 
produced by the false base current can be repre- 
sented as 



dV 




B 



where /3 is a current amplification factor. 
Assuming now that 

dV 

C = 30 (f^) , -g-^ = 5(V/ns) , 



and 13 = 50. it follows that 

ic = 30 X 10-5 X 5 X 10- X 50 = 7.5(mA). It is thus 
known that a large collector current flows in spite of 
the quiescent state. 

This false collector current causes a large in- 
crease in power dissipation, and in addition be- 
comes a load of another acting bus driver, its 
speed performance being largely degraded. 

A representative circuit having a quiescent 
state is a tri-state circuit comprising a CMOS circuit 
or a BiCMOS circuit. In the BiCMOS circuit, the 
above described problem in the quiescent state 
must be overcome- 
As the prior art of a tri-state circuit comprising 
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a BiCMOS circuit, a circL^piown in Fig. 6 of JP-A- 
61-270916 can be mentioned. In this circuit, the 
above described problem of false collector current 
Is solved, but the problem of lowering of the cur- 
rent gain hpE caused by stress of base to emitter 
reverse voltage of an NPN transistor is not solved. 

As another example of the prior art, circuits 
shown in Figs. 1 to 8 of JP-A-61-116417 can be 
mentioned, in circuits shown in Figs. 1 to 4 of this 
example, the problem of the base to emitter re- 
verse voltage and the problem of the false collector 
current are not solved yet. In circuits shown in 
Figs. 5 to 8, the problem of the false collector 
current is not solved yet. 

A further example of the prior art is a BICMOS 
tri-state circuit shown in Fig. 1 of U.S. patent No. 
4,703,203. 

Figs. 26A and 26B show equivalent circuits of 
this circuit in the active state and in the quiescent 
state, respectively. However, MOS transistors fixed- 
ly set at OFF condition in respective states are 
removed from Figs. 26A and 268. Further, MOS 
transistors fixedly set at ON condition are repre- 
sented by resistors having element numbers. 

Fig. 26A shows the equivalent circuit for the 
active state. At this time, this circuit functions as a 
general BICMOS inverter. When the input Vo is a 
"1" level, the output Vq becomes a "0" level. 
When the input Vq is the "0" level, the output Vq 
becomes the "1 " level. 

A PMOS 27 and an NMOS 28 represented for 
convenience by resistors 27 and 28 are provided to 
raise the output potential of "1" level to power 
source potential Vqd and lower the output potential 
of "0" level to reference voltage Vss- 

Fig. 26B shows the equivalent circuit in the 
quiescent state. At this time, the output of this 
circuit is disconnected from the power sources Vqd 
and Vss. and the output Vo is in the floating state. 
At this time, the base of the NPN transistor 8 is 
connected to the power source Vss via an NMOS 
19 set at ON condition (and represented by a 
resistor 19). If the potential of the output Vq is 
changed by the output of another tri-state circuit, 
therefore, the junction between the base and the 
emitter of the NPN transistor 8 is subjected to 
stress of reverse voltage. As a result, the NPN 
transistor 8 causes a failure or significant perfor- 
mance degradation incurred from the lowering in 
current gain hpE- 

As heretofore described, the prior art has a 
drawback that both the demand for reliability and 
demand for performance cannot be satisfied be- 
cause the problems relating to the essence of a 
bipolar transistor in the quiescent state is not 
solved. 



SUMMAR^^p THE INVENTION 

An object of the present invention is to provide 
a semiconductor integrated circuit comprising a 

5 bipolar transistor and a CMOS transistor in which 
the reliability is not lowered by the stress of base- 
emitter reverse voltage of the bipolar transistor in 
the quiescent state and a false- collector current 
does not flow In the quiescent state. 

70 In order to achieve the above described object, 

a semiconductor integrated circuit according to the 
present invention is so configured that drain-source 
paths of an NMOS transistor and a PMOS transis- 
tor may be connected between the base and emit- 

15 ter of a bipolar transistor, and control signals may 
be applied to gates of the NMOS transistor and the 
PMOS transistor so as to keep the NMOS transis- 
tor and the PMOS transistor at OFF condition while 
the bipolar transistor is operating and so as to keep 

20 the NMOS transistor and the PMOS transistor at 
ON condition while the bipolar transistor is in the 
quiescent state. 

Owing to the above described configuration, 
the NMOS transistor and the PMOS transistor con- 

25 nected between the base and the emitter of the 
bipolar transistor are set at ON condition while the 
bipolar transistor is in the quiescent state. There- 
fore, the base and emitter of the bipolar transistor 
are substantially at same potential, reverse bias 

30 being prevented. Further, a false base current gen- . 
erated in the quiescent state flows to the output 
through the NMOS transistor and/or the PMOS 
transistor, and hence a false collector current does 
not flow. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 7 show embodiments of a switch- 
40 ing circuit according to the present invention. 

Figs. 8A, 8B, 9A and 9B show embodiments 
of a tri-state inverter circuit according to the 
present invention. 

Figs. IDA and 10B show an embodiment of 
45 a tri-state 2-input NAND circuit according to the 
present invention. 

Figs. 11 A. 11B, 12A and 12B show embodi- 
ments of the tri-state inverter circuit according to 
the present invention. 
50 Figs, 13A and 13B show an embodiment of 

the tri-state 2-input NAND circuit according to the 
present invention. 

Figs. 14A and 14B show an embodiment of 
the tri-state inverter circuit according to the present 
55 invention. 

Figs. 15A and 15B show an embodiment of 
the tri-state 2-input NAND circuit according to the 
present invention. 
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Figs, 16A and 16B show an embodiment of 
the tri-state inverter circuit according to the present 
invention. 

Figs. 17A and 17B show an embodiment of 
the tri-state 2-input NAND circuit according to the 
present invention. 

Fig. 18 shows an embodiment of a dynamic 
bus system according to the present invention. 

Fig. 19 shows another embodiment of the 
dynamic bus system according to the present in- 
vention. 

Fig. 20 shows an embodiment of a static bus 
system according to the present invention. 

Fig. 21 shows an embodiment of a data 
processing apparatus according to the present in- 
vention. 

Fig. 22 shows a bus drive circuit. 

Figs. 23A. 23B, 23C and 23D show false 
base currents of bipolar transistors. 

Fig. 24 is a sectional view of the switching 
circuit of Fig. 1 . 

Fig. 25 is a sectional view of the switching 
circuit of Fig. 2 

Figs. 26A and 268 show equivalent circuits 
of the prior art circuit. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 shows a switching circuit 100 which is an 
embodiment of the present invention. In Fig. 1, 
numeral 101 denotes an NPN transistor (hereafter 
abbreviated to NPN) having a collector connected 
to a voltage source Vi, a base connected to an 
input and an emitter connected to an output Oi. 
Numeral 102 denotes an N-channel MOB transistor 
(hereafter abbreviated to NMOS) having a drain 
connected to the base of the NPN 101. a source 
connected to the emitter of the NPN 101. and a 
gate connected to a control signal Ci. Numeral 103 
denotes a P-channel MOS transistor (hereafter ab- 
breviated to PMOS) having a source connected to 
the base of the NPN 101. a drain connected to the 
emitter of the NPN 101. and a gate connected to a 
control signal C2. The control signals Ci and C2 
are supplied from a circuit 104 including an inverter 
105. and are complementary each other as repre- 
sented by Ci = 1, C2 = 0 or Ci = 0, C2 = 1. 
Both the NMOS 102 and the PMOS 103 are set at 
either ON condition together or OFF condition to- 
gether. 

The operation of this circuit will now be de- 
scribed. Assuming now that the switching circuit 
100 is in the active state, control signals repre- 
sented as Ci =0 and C2 = 1 are supplied so as 
to set both the NMOS 102 and the PMOS 103 at 
OFF condition. Therefore, a current supplied from 



the input U flows to the base of the NPN 101 to set 
the NPN 101 at ON condition. On the other hand, 
when the switching circuit 100 is in the quiescent 
state, control signals represented as Ci =1 and 
5 C2 = 0 are supplied so as to set both the NMOS 
102 and the PMOS 103 at ON condition. At this 
time, therefore, the base and emitter of the NPN 
101 are substantially at same potential. Even if the 
potential of the output O1 changes from a "0" level 
10 to a "1" level, a reverse bias is not applied be- 
tween the base and the emitter. Further, at this 
time, a generated false base current flows to the 
output O1 through the NMOS 102 and/or the PMOS 
103. It is thus prevented that the NPN 101 is set at 
75 ON condition to let flow a false collector current. 

Fig. 2 shows a switching circuit 200 according 
to an embodiment of the present invention. In Rg. 
2, numeral 201 denotes a PNP transistor (hereafter 
abbreviated to PNP) having a collector connected 
20 to a power source Vi , a base connected to an input 
h. and an emitter connected to an output O1. 
Numeral 202 denotes an NMOS and numeral 203 
denotes a PMOS. The NMOS 202 and the PMOS 
203 are connected between the base and emitter 
25 of the PNP 201. Gates of the NMOS 202 and the 
PMOS 203 are coupled to control signals Ci and 
C2, respectively. 

The operation of this circuit will now be de- 
scribed. Assuming now that the switching circuit 
30 200 is in the active state, control signals repre- 
sented as Ci =0 and C2 = 1 are supplied to set 
both the NMOS 202 and the PMOS 203 at OFF 
condition. Therefore, the base current of the PNP 
201 flows to the input I1 and the PNP 201 is set at 
35 ON condition. On the other hand, when the switch- 
ing circuit 200 is in the quiescent state, control 
signals represented as Ci =1 and C2 = 0 are 
supplied to set both the NMOS 201 and the PMOS 
203 at ON condition. At this time, therefore, the 
40 base and emitter of the PNP 201 are substantially 
at same potential. Even if the output O1 changes 
from the "0" level to '*1 " level, a reverse bias is not 
applied between the base and the emitter. Further, 
a false base current generated at this time is sup- 
45 plied from the output O1 via at least one of the 
NMOS 202 and the PMOS 203. It is thus prevented 
that the PNP 201 is set at ON condition to let flow 
a false collector current. It is Important that both 
the NMOS and the PMOS set at either ON con- 
50 dition together or OFF condition together are pro- 
vided between the base and emitter of the bipolar 
transistor as shown in the embodiments of Figs. 1 
and 2. When single connection of the NMOS or 
PMOS is used, it is not set at ON condition in 
55 some cases depending upon the potential condition 
of I1 and O1. 

Fig. 24 shows a typical sectional structure of 
the switching circuit of Fig. 1 formed on a semicon- 
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ductor substrate. 

In Fig. 24. numeral 2400 denotes a P-type 
semiconductor substrate. The NPN 101 is so 
formed as to have an N-type island 2402 fornned 
on the P-type substrate 2400 as the collector, a P- 
type region 2403 as the base, and an N* region 

2406 formed in the P-type region 2403 as the 
emitter. Further, the collector electrode and the 
base electrode are taken out from an N* region 

2407 and a P* region 2405, respectively. The 
NMOS 102 is so formed as to have an N* region 

2408 formed on the P-type substrate 2400 as the 
source electrode, an N region 2409 formed on the 
P-type substrate 2400 as the drain electrode, and a 
polysilicon electrode 2410 as the gate electrode. 
The PMOS 103 is so formed as to have an N-type 
Island 2402 formed on the P-type substrate 2400 
as the PMOS substrate, a P* region 2411 formed 
in the N-type island 2402 as the drain electrode, a 
P* region 2412 formed in the N-type island 2402 
as the source electrode, and a polysilicon electrode 
2413 as the gate electrode. 

Fig. 25 shows a typical sectional structure of 
the switching circuit of Fig. 2 formed on a semicon- 
ductor substrate. 

In Fig. 25, numeral 2500 denotes a P-type 
semiconductor substrate. The PNP 201 is so 
formed as to have an N-type island 2502 formed 
on the P-type substrate 2500 as the base, a P 
region 2506 formed in the N-type island as the 
emitter electrode, a P* region 2507 formed in the 
N-type island as the collector electrode. The base 
electrode is taken out from an N* region 2505. 
Since the NMOS 202 and the PMOS 203 are 
formed in the same way as the description of Fig. 
24. they will not be described. 

Fig. 3 shows a switching circuit 300 according 
to another embodiment of the present invention. In 
Fig. 3, an NPN 301 has a collector connected to a 
power source Vi, a base connected to an input Ii. 
and an emitter connected to an output Oi . An NPN 
304 has a collector connected to the output Oi . a 
base connected to an input I2, and an emitter 
connected to a power source V2. An NMOS 302 
has a drain connected to the base of the NPN 301, 
a source connected to the output Oi. and a gate 
coupled to a control signal Ci. A PMOS 303 has a 
source connected to the base of the NPN 301, a 
drain connected to the output Oi , and a gate 
coupled to a control signal C2. Numeral 305 de- 
notes a circuit similar to the circuit 104 of Fig. 1. 
The operation of the circuit shown in Fig. 3 will now 
be decribed. 

Assuming now that the switching circuit 300 is 
in the active state, control signals represented as 
Ci = 0 and C2 = 1 are supplied to set both the 
NMOS 302 and the PMOS 303 at OFF condition. 
Further, the NPN 301 and the NPN 304 operate in 



a complementary way. Inputs I1 and h are so 
applied that one of the NPN 301 and the NPN 304 
is at ON condition when the other of them is at 
OFF condition. When the input U is energized, the 

5 NPN 304 is at OFF condition and the NPN 301 is 
set at ON condition, the output Oi being switched 
to the "1" level. When the input I2 is activated, the 
NPN 301 is at OFF condition, and the NPN 304 is 
set at ON condition, the output Oi being switched 

70 ' to the "0" level. 

When the switching circuit 300 is in the quies- 
cent condition, control signals represented as Ci = 
1 and C2 = 0 are supplied to the switching circuit 
to set the both the NMOS 302 and the PMOS 303 

75 at ON condition. In the quiescent state, neither the 
input h nor the input I2 is activated. Even if the 
voltage level at Oi is changed by. the output of 
another circuit commonly connected to the output 
Oi. the base potential of the NPN 301 also 

20 changes so as to follow the change of the voltage 
level because both the NMOS 302 and the PMOS 
303 are at the ON condition. At this time, therefore, 
reverse voltage is not applied between the base 
and the emitter of the NPN 301. Further, a false 

25 base current is generated by a change in base 
potential of the NPN 301. Since this current flows 
out to the output Oi through the NMOS 302 and/or 
the PMOS 303. however, it is prevented the NPN 
301 is improperly set at ON condition and an 

30 improper large current flows from the power source 
Vi. 

Fig. 4 shows a switching circuit 400 which is 
another embodiment of the present invention. ' In 
Fig. 4, an NPN 401 has a collector connected to a 

35 voltage source Vi . a base connected to an input \^ . 
and an emitter connected to an output Oi. A PNP 
404 has an emitter connected to the output Oi , a 
base connected to the input h, and a collector 
connected to a power source V2. Further, an 

40 NMOS 402 has a drain connected to the output Oi , 
a source connected to the input U, and a gate 
connected to a control signal Ci . A PMOS 403 has 
a source connected to the output Oi, a drain con- 
nected to the input, and a gate coupled to a control 

45 signal C2. Numeral 405 denotes a circuit similar to 
the circuit 104 of Fig. 1. The operation of this 
circuit will now be described. Assuming now that 
the switching circuit 400 is in the active state, 
control signals represented as Ci = 1 and C2 = 1 

50 are supplied to the switching circuit so as to set 
both the NMOS 402 and the PMOS 403 at OFF 
condition. The NPN 401 and the PNP 404 operate 
in a complementary way with respect to the input 
signal \^. When I1 is switched to a "1" level, the 

55 PNP 404 is set at OFF condition and the NPN 401 
is set at ON condition, the output Oi being set at 
the "1" level. On the contrary, when the input \^ is 
switched to a "0" level, the NPN 401 is set at OFF 
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condition and the PNP 404 is set at ON condition, 
the output Oi being set at the "0" level. 

On the other hand, when the switching circuit 
400 is in the quiescent state, control signals repre- 
sented as Gi =1 and Ca = 0 are applied to the 
switching circuit to set both the NMOS 402 and the 
PMOS 403 at ON condition. Further, in the quies- 
cent state, the input li is not activated. Even if the 
voltage level of the output Oi Is changed by an- 
other circuit at this time, the voltage level of the 
input I- changes so as to follow the voltage change 
of the output Oi because both the NMOS 402 and 
the PMOS 403 are at ON condition. At this time, a 
false base current is generated by a potential 
change of the input h. Since this current flows to 
the output Oi through the NMOS 402 and/or PMOS 
403, however, it is prevented that the NPN 401 and 
the PNP 404 are improperly set at ON condition 
and an improper large current flows from the power 
source V- or V2. 

Fig. 5 includes a resistor 505 in addition to the 
embcdiment of Fig. 4. Its basic operation is the 
same as that of the circuit of Rg. 4. The resistor 
505 functions to compensate the lowering of am- 
plitude of the output Oi caused by voltage (Vbe) 
across the base emitter junction of each of the 
NPN 501 and the PNP 504, Owing to the function 
of the resistor 505, it is possible to make the 
voltage level of the input I1 equal to that of the 
output Oi . 

Fig. 6 shows a switching circuit 600 which is 
another embodiment of the present invention. In 
Fig. 6. an NPN 601 has a collector connected to a 
power source V^, a base connected to an input !i, 
and an emitter connected to an output Oi. An 
NMOS 604 has a drain connected to the output Oi , 
a gate connected to an input I21 and a source 
connected to an output O2. An NMOS 602 has a 
drain connected to the base of the NPN 601, a 
source connected to the output Oi, and a gate 
coupled to a control signal Ci . A PMOS 603 has a 
source connected to the base of the NPN 601. a 
drain connected to the output O2, and a gate 
coupled to the control signal C2. Numeral 605 
denotes a circuit similar to the circuit 104 of Fig. 1. 
The operation of the circuit shown in Fig. 6 will now 
be described. When the switching circuit 600 is in 
the active state, control signals represented as Ci 
= 0 and C2 = 1 are applied to the switching 
circuit to set both the NMOS 602 and the PMOS 
603 at OFF condition. The input signals I1 and l2 
are supplied in a complementary way. When U is 
switched to a "1" level. 12 is switched to a "0" 
level. At this time, therefore, the NMOS 604 is set 
at OFF condition and the NPN 601 is set at ON 
condition, the output Oi being set at the "1" level. 
On the contrary, when the input h is switched to 
the "0" level, the input la is switched to the "1" 
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level. At this time, the NPN 601 is set at OFF 
condition, and the NMOS 604 is set at ON con- 
dition. If O2 is at "0" level, the output Oi is set at 
"0" level. The output O2 is a terminal for logic 
5 expansion. When logic expansion is not performed, 
the output O2 is connected to reference potential. 
When logic is expanded, the output O2 is con- 
nected to the reference potential via another 
NMOS. 

10 On the other hand, when the switching circuit 

600 is in the quiescent state, control signals repre- 
sented as Ci =1 and C2 = 0 arc supplied to the 
switching circuit to set both the NMOS 602 and the 
PMOS 603 at ON condition. Further, at this time. 

15 the input I1 is not actuated, and the input I2 is fixed 
at the "0" level. If the voltage level of the output Oi 
changes under this state, the base potential of the 
NPN 601 also changes so as to follow it. At this 
time, therefore, reverse voltage is not applied be- 

20 tween the base and emitter of the NPN 601. Fur- 
ther, a false base current generated at this time 
flows out to the output Oi through the NMOS 602 
and/or the PMOS 603. It is thus prevented that the 
NPN 601 is set at ON condition and an improper 

25 large current flows from the power source. 

Fig. 7 shows a switching circuit 700 which is 
another embodiment of the present invention. In 
Fig. 7, a PMOS 704 has a source connected to a 
second output O2. a drain connected to a first 

30 output Oi. and a gate connected to an input I1. A 
PNP 701 has an emitter connected to the output 
Oi , a base connected to an input and a collector 
connected to a power source V2. An NMOS 702 
has a drain connected to the output Oi, a source 

35 connected to the base of the PNP 701. and a gate 
coupled to a control signal Ci. A PMOS 703 has a 
source connected to the output Oi, a drain con- 
nected to the base of the PNP 701. and a gate 
coupled to a control signal C2. Numeral 705 de- 

40 notes a circuit similar to the circuit 104 of Fig. 1. 
The operation of the circuit shown in Fig. 7 will now 
be described. Assuming now that the switching 
circuit 700 is in the active state, control signals 
represented as Ci =0 and C2 = 1 are supplied to 

45 the switching circuit to set both the NMOS 702 and 
the PMOS 703 at OFF condition. The input signals 
h and I2 are supplied in a complementary way. 
When h is switched to the "0" level, l2 is switched 
to the "1" level. At this time, therefore, the PNP 

60 701 is set at OFF condition and the NMOS 704 is 
set at ON condition, the output Oi being set at the 
"1" level. On the contrary, when the input I1 is 
switched to the "1" level, the input I2 is switched to 
the "0" level. At this time, the PMOS 704 is set at 

55 OFF condition and the PNP 701 is set at ON 
condition, the output Oi being set at the "0" level. 

The output O2 is a terminal for logic expansion. 
When logic expansion is not performed, the output 
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O2 is directly conneSPB to the power source. 
When logic expansion is perfornned, the output O2 
is connected to the power source through another 
PMOS. 

On the other hand, when the switching circuit 
700 is in the quiescent state, control signals repre- 
sented as Ci = 1 and €2 = 0 are supplied to the 
switching circuit to set both the NMOS 702 and the 
PMOS 703 at ON condition. Further, at this time, 
the input li is fixed to the "1" level, and the input 
I2 is not activated. If the voltage level of the output 
Oi changes under this state, the base voltage of 
the PNP 701 also changes so as to follow it. At this 
time, therefore, a reverse bias is not applied be- 
tween the base and emitter of the PNP 701. Fur- 
ther, a false base current generated at this time is 
supplied from the output O2 through at least one of 
the NMOS 702 and the PMOS 703. It is thus 
prevented that the PNP 701 is improperly set at 
ON condition and an improper large current flows 
to the power source V2. 

Fig. 8A shows a tri-state inverter which is an 
embodiment of the present invention. Fig. 8B 
shows a logic symbol of the inverter shown in Fig. 
8A. 

In Fig. 8A, a circuit 300 is the same as the 
switching circuit 300 shown in Fig. 3. A PMOS 801 
and a PMOS 802 are connected in series between 
a power source Vi and the base of an NPN 301. 
Gates of the PMOS 801 and the PMOS 802 are 
coupled to a tri-state control signal E~and an input 
signal A, respectively. An NMOS 803 and an 
NMOS 804 are connected in series between the 
base of the NPN 301 and reference potential Vq. 
Gates of the NMOS 803 and NMOS 804 are coup- 
led to a tri-state control signal E and the input 
signal, respectively. An NMOS 805 and an NMOS 
806 are connected in series between an output O1 
and the base of an NPN 304. Gates of the NMOS 
805 and NMOS 806 are coupled to the tri-state 
control signal E and the input signal A, respec- 
tively. An NMOS 807 and an NMOS 808 have 
drains connected to the base of the NPN 304 and 
sources connected to reference potential Vq. Gates 
of the NMOS 807 and the NMOS 808 are coupled 
to the base of the NPN 301 and the tri-state control 
signal E~. The tri-state control signals E and E~are 
complementary each other, and are generated in a 
circuit similar to the circuit 104 of Fig. 1. 

Further, gates of the NMOS 302 and PMOS 
303 are coupled to the tri-state control signals E 
and E. 

The operation of the active state of the circuit 
shown in Fig. 8A will now be described. The tri- 
state control signals in the active state are repre- 
sented as E~i = 0 and E = 1 . At this time, 
therefore, the NMOS 302. PMOS 303 and NMOS 
808 are at OFF condition, whereas the PMOS 801 



and NMa^r805 are at ON condition. When the 
input signal A is switched from the "0" level to the 
"1 " level under this state, the PMOS 802 is set at 
OFF condition, and the NMOS 804 and the NMOS 

5 806 are set at ON condition. 

At this time, therefore, a base current path 
extending from the power source to the NPN 
301 through the PMOS 801 and PMOS 802 is 
interrupted. Since the NMOS 803 and NMOS 804 

70 are set at ON condition, the base of the NPN 301 
is fixed to reference potential, and hence the NPN 
301 is set at OFF condition. On the other hand, the 
NMOS 807 and NMOS 808 are set at OFF con- 
dition, whereas the NMOS 805 and NMOS 806 are 

/5 set at ON condition. Therefore, a base current of 
the NPN 304 is supplied from the output Oi 
through the NMOS 805 and the NMOS 806. the 
NPN 304 being set at ON condition. As a result, 
the output Oi is switched to the "0" level. 

20 When the input signal A is switched from the 

"1 " level to the "0" level, the PMOS 802 and the 
NMOS 807 are set at ON condition, and the NMOS 
806 is set at OFF condition. 

At this time, therefore, a base current path 

25 extending from the output Oi to the base of the 
NPN 304 through the NMOS 805 and the NMOS 
806 is interrupted. Further, the NMOS 807 is set at 
ON condition. Therefore, the base of the NPN 304 
is fixed to the reference potential, and the NPN 304 

30 is set at OFF condition. 

On the other hand, the NMOS 804 is at OFF 
condition, and the PMOS 801 and the PMOS 802 
are set at ON condition. Therefore, a base current 
is supplied from the power source Vi to the NPN 

35 301 through the PMOS 801 and the PMOS 802, 
the NPN 301 being set at ON condition. As a 
result, the output Oi is switched to the "1" level. 

The operation of this circuit in the quiescent 
state will now be described. The tri-state control 

40 signals in the quiescent state can be represented 
as E~= 1 and E = 0. At this time, therefore, the 
PMOS 801. the NMOS 803 and the NMOS 805 are 
set at OFF condition whereas the NMOS 302 and 
the NMOS 808 are set at ON condition. Therefore, 

45 the base current path of the NPN 304 is inter- 
rupted. In addition, the base potential is fixed to the 
reference potential by the operation of the NMOS 
808. Accordingly, the NPN 304 is completely set at 
OFF condition. Further, the base current path of the 

50 NPN 301 is interrupted, and the path extending 
from the base of the NPN 301 to the reference 
potential through the NMOS 803 and the NMOS 
804 is also interrupted. As a result, the NPN 301 is 
set at OFF condition. 

55 On the other hand, the base and emitter of the 

NPN 301 are kept substantially at same potential 
because the NMOS 302 and the PMOS 303 are at 
ON condition. However the voltage level of the 
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output Oi may change, therefore, reverse voltage 
is not applied between the base and emitter of the 
NPN 301. A false base current is generated be- 
cause the base potential of the NPN 301 changes 
so as to follow the output Oi. Since this current 
flows out to the output Oi through the NMOS 302 
and/or the PMOS 303, it is prevented that the NPN 
301 is innproperly set at ON condition and a large 
improper current flows from the power source Vi . 

Fig. 9A shows a tri-state inverter which is an 
embodiment of the present invention. Fig. 9B 
shows the logic symbol of the inverter shown in 
Fig. 9A. 

In Fig. 9A, a circuit 300 is the same as the 
switching circuit shown in Fig. 3. A PMOS 901 and 
a PMOS 902 are connected in series between a 
power source Vi and the base of an NPN 301. 
Gates of the PMOS 901 and PMOS 902 are coup- 
led to a tri-state control signal E~and an input signal 
A. An NMOS 903 and an NMOS 904 are connected 
in series between an output Oi and the base of an 
NPN 304. Gates of the NMOS 903 and the NMOS 

904 are connected to a tri-state control signal E 
and the input signal, respectively. An NMOS 905 
has a drain connected to the base of the NPN 304, 
a source connected to reference potential Vq, and 
a gate connected to the tri-state control signal E'. A 
resistor 906 is connected between the base of the 
NPN 301 and the output Oi. A resistor 907 is 
connected between the base of the NPN 304 and 
the reference potential. 

Gates of the NMOS 302 and the PMOS 303 
are connected to the tri-state control signals E~and 
E. The operation of this circuit in the active state 
will now be described. The tri-state signals in the 
active state can be represented as E~= 0 and E = 
1. At this time, therefore, the NMOS 302. NMOS 

905 and PMOS 303 are at OFF condition, whereas 
the PMOS 901 and NMOS 903 are at ON con- 
dition. When the input signal A is switched from the 
"0" levei to the "1" level under this state, the 
PMOS 901 is set at OFF condition and the NMOS 
904 is set at ON condition. 

At this time, therefore, a base current path 
extending from the power source Vi to the NPN 
301 through the PMOS 901 and the PMOS 902 is 
interrupted, the NPN 301 being set at OFF con- 
dition. On the other hand, since the NMOS 903 and 
NMOS 904 are set at ON condition, a base current 
of the NPN 304 is supplied from the output Oi 
through the NMOS 903 and NMOS 904, the NPN 
304 being set at ON condition. As a result, the 
output Oi is switched to the "0" levei. At this time, 
the resistor 906 functions as means for discharging 
the electric charge stored in the base of the NPN 
301. Further, the resistor 907 functions as pull- 
down means for pulling down the "0" level voltage 
of the output 0: to the reference potential. 
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When the input signal A is switched from the 
"1" level to the "0" level, the PMOS 902 is set at 
ON condition and the NMOS 904 is set at OFF 
condition. At this time, therefore, a base current 
5 path extending from the output Oi to the NPN 304 
through the NMOS 903 and the NMOS 904 is 
interrupted, and hence the NPN 304 is set at OFF 
condition. 

On the other hand, since the PMOS 901 and 

70 the PMOS 902 are set at ON condition, a base 
current flows from the power source Vi to the NPN 
301 through the PMOS 901 and the PMOS 902, 
the NPN 301 being set at ON condition. As a 
result, the output Oi is switched to the "1" level. At 

75 this time, the resistor 907 functions as discharge 
means for the electric charge stored in the base of 
the NPN 304. and the resistor 906 functions as 
pull-up means for pulling up the voltage of the "1" 
level of the output Oi up to the power source Vi . 

20 The operation of this circuit in the quiescent 

state wiii now be described. Tri-state control sig- 
nals in the quiescent state can be represented as E 
= 1 and E = 0. At this time, therefore, the PMOS 
901 and the NMOS 903 are set at OFF condition, 

25 whereas the PMOS 303. the NMOS 302 and the 
NMOS 905 are set at ON condition. Therefore, the 
base current path for the NPN 304 is interrupted. In 
addition, the base potential is fixed to the reference 
potential by the function of the NMOS 905 and the 

30 resistor 907. As a result, the NPN 304 is com- 
pletely set at OFF condition. Further, the base 
current path of the NPN 301 is also interrupted,' 
and hence the NPN 301 is also set at OFF con- 
dition. On the other hand, since the NMOS 302 and 

35 the PMOS 303 are at ON condition, the base and 
the emitter of the NPN 301 are kept substantially at 
same potential. However the voltage level of the 
output Oi may change, therefore, reverse voltage 
is not applied between the base and the emitter of 

40 the NPN 301. Since the base potential of the NPN 
301 changes so as to follow the output Oi, a false 
base current is generated. Since this current flows 
out to the output Oi through the NMOS 302 and/or 
the PMOS 303. however, it is prevented that the 

45 NPN 301 is improperly set at ON condition and a 
large improper current flows from the voltage 
source Vi . 

Figs. 10A and 10B show a tri-state 2-input 
NAND gate which is an embodiment of the present 

50 invention and its logic symbol, respectively. In the 
present embodiment, the number of inputs of the 
tristate inverter shown in Fig. 8A is expanded to 
form a tri-state 2-input NAND gate. Excepting that 
the gate of Fig. 10A acts as a 2-input NAND gate 

55 in the active state, it is equivalent to the circuit of 
Fig. 8A inclusive of the operation in the nonactive 
state. Since it is easy for those skilled in the art to 
understand the configuration and operation, de- 
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tailed description will belPnitted. Further, multi- 
input NAND gates (such as 3-input or 4-input 
NAND gates) other than 2-input NAND gates can 
be formed by increasing the number of parallel or 
serial MOS transistors having gates connected to 
the inputs A and B and connecting those gates to 
respective inputs. 

Further, multi-input NOR gates can be formed 
by changing parallel connection of the MOS tran- 
sistors having gates connected to the inputs to 
serial connection and vice versa. 

Figs. 11 A and 11B show a tri-state inverter 
which is an embodiment of the present invention 
and its logic symbol, respectively. In Fig. 11 A. 
numeral 400 denotes the same circuit as the 
switching circuit of Fig. 4. A PMOS 1101 and a 
PMOS 1102 are connected in series between a 
power source Vi and the base of the NPN 401. 
Gates of the PMOS 1101 and the PMOS_n02 are 
connected to a tri-state control signal E~and an 
input signal A. An NPN 1103 and an NPN 1104 are 
connected in series between the base of the PNP 
404 and reference potential Vq. Gates of the NPN 
1103 and the NPN 1104 are connected to the input 
signal A and the tri-state control signal E. Further, 
gates of the NMOS 402 and the PMOS 403 are 
connected to the tri-state control signals E~and E. 
respectively. 

The operation of this circuit in the active state 
will now be described. The tri-state control signals 
in the active state are represented as E~= 0 and E 
= 1. At this time, therefore, the PMOS 1101 and 
the NMOS 1104 are set at ON condition, and the 
NMOS 402 and the PMOS 403 are at OFF con- 
dition. When the input signal A is switched from a 
"0" level to a "1" level under this state, the PMOS 
1102 is set at OFF condition and the NMOS 1103 
is set at ON condition. Therefore, the NPN 401 is 
set at OFF condition, and the PNP 404 is set at ON 
condition. As a result, the output Oi is switched to 
the "0" level. When the input signal A is switched 
from the "1" level to the "0" level, the NMOS 1103 
is set at OFF condition, and the PMOS 1102 is set 
at ON condition. Therefore, the PNP 404 is set at 
OFF condition, and the NPN 401 is set at ON 
condition. As a result, the output Oi is switched to 
the "1" level. 

The operation of this circuit in the quiescent 
state will now be described. The tri-state control 
signals in the quiescent state can be represented 
as E~= 1 and E = 0. At this time, therefore, the 
PMOS 1101 and the NMOS 1104 are set at OFF 
condition, and the NPN 401 and the PNP 404 are 
also set at OFF condition. Since the NMOS 402 
and the PMOS 403 are at ON condition, the base 
and the emitter of the NPN 401 and the base and 
the emitter of the PNP 404 are kept substantially at 
same potential. However the voltage level of the 



output Oi ^1 change, therefore, reverse voltage 
is not applied between the base and the emitter of 
the NPN 401 and between the base and the emitter 
of the PNP 404. Since the base voltage of the NPN 

5 401 and the PNP 404 follows the output Oi, a false 
base current is generated. Since this current flows 
out to the output Oi or flows in from the output d 
through the NMOS 402 and/or the PMOS 403. 
however, it is prevented that the NPN 401 or the 

TO PNP 403 is improperly set at ON condition and a 
large improper current flows to the power source 
Vi or the reference potential. 

Figs. 12A and 128 show a tri-state inverter 
which is another embodiment of the present inven- 

75 tion and its logic symbol, respectively. This circuit 
has the same configuration as that of the embodi- 
ment shown in Fig. 11 with the exception of a 
resistor 505. The logic operation of this circuit is 
the same as the embodiment shown in Fig. 1 1 . The 

20 resistor 505 is connected in parallel with the NMOS 
502 and the PMOS 503. When the tri-state control 
signals are E~ = 0 and E = i and the input signal 
A is at the "1" level, the resistor 505 functions as 
pull-down means for pulling down the voltage level 

25 of the output Oi to the reference potential Vq. 
When the input signal A is at the "0" level, the 
resistor 505 functions as pull-up means for pulling 
up the voltage level of the output Oi to the power 
source Vi . 

30 Figs. 13A and 13B show a tri-state 2-input 

NAND gate which is an embodiment of the present 
invention and its logic symbol, respectively. In the 
present embodiment, the number of inputs of the 
tri-state inverter shown in Fig. 11A is expanded to 

35 form a tri-state 2-input NAND gate. Excepting that 
the gate of Fig. 13A acts as a 2-input NAND gate 
in the active state, it is equivalent to the circuit of 
Fig. 11 A inclusive of the operation in the nonactive 
state. Since it is easy for those skilled in the art to 

40 understand the configuration and operation, de- 
tailed description will be omitted. Since realization 
of multi-input gates other than 2-input NAND gates 
is also self-evident to those skilled in the art, pre- 
sentation of new drawings will be omitted. 

45 Figs. 14A and 148 show a tri-state inverter 

which is another embodiment of the present inven- 
tion and its logic symbol. In Fig. 14A, numeral 600 
denotes the same circuit as the switching circuit 
shown in Fig. 6. A PMOS 1401 and a PMOS 1402 

so are connected in series between the power source 
and the base of the NPN 601. Gates of the PMOS 
1401 and the PMOS 1402 are connected to a tri- 
state control signal E~and an input signal A. An 
NMOS 1403 and an NMOS 1404 are connected in 

55 series between the base of the NPN 601 and 
reference potential Vq. Gates of the NMOS 1403 
and the NMOS 1404 are connected to the input 
signal A and the tri-state control signal E, respec- 
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lively. Further, an NMOS 1405 has a drain con- 
nected to the source of the NMOS 604, a source 
connected to the reference potential, and a gate 
coupled to the tri-state control signal E. The opera- 
tion cf this circuit in the active state will now be 
described. The tri-state control signals in the active 
state are represented as E" = 0 and E = 1 . At this 
tine, therefore, the PMOS 1401. the NMOS 1404 
and the NMOS 1405 are at ON condition, whereas 
the NMOS 602 and the PMOS 603 are at OFF 
condition. When the input signal A is switched fronn 
the "0" level to the "1" level under this state, the 
PMOS 1 402 is set at OFF condition, and the 
NMOS 1403 and the NMOS 604 are set at ON 
condition. Therefore, the base current path extend- 
ing fronn the power source Vi to the base of the 
NPN 601 through the PMOS 1401 and the PMOS 
1402 is interrupted. In addition, the NMOS 1403 
and the NMOS 1404 are at ON condition. There- 
fore, the voltage at the base of the NPN 601 is 
pulled down to the reference potential level, the 
NPN 501 being set at OFF condition. On the other 
hand, the output 0^ is switched to the "0" level 
because the NMOS 604 and the NMOS 1405 are 
at ON condition. When the input signal A is 
switched fronn the "1" level to the "0" level, the 
NMOS 1403 and the NMOS 604 are set at OFF 
condition, whereas the PMOS 1402 is set at ON 
condition. As a result, the output Oi is switched to 
the "1" level. 

The operation of this circuit in the quiescent 
state will now be described. The tri-state control 
signals in the quiescent state are represented as E 
= 1 and E = 0. At this tinne, therefore, the PMOS 
1401. the NMOS 1404 and the NMOS 1405 are set 
at OFF condition, and the NPN 601 is also at OFF 
condition. Since the NMOS 602 and the PMOS 603 
are at ON condition, the base and the emitter of 
the NPN 601 are kept substantially at same poten- 
tiai. However the voltage level of the output Oi 
may change; reverse voltage is not applied be- 
tween the base and the emitter of the NPN 601 . 

Since the base potential of the NPN 601 
changes so as to follow the output Oi . a false base 
current is generated. Since this current flows out to 
the output Oi through the NMOS 602 and/or the 
PMOS 603, however, it is prevented that the NPN 
601 is improperly set at ON condition and a large 
improper current flows from the power source Vi . 

Figs. 15A and 15B show a tri-state 2-input 
NAND gate which is an embodiment of the present 
invention and its logic symbol. 

In the present embodiment, the number of in- 
puts of the tri-state inverter shown in Fig. 14A is 
expanded to form a tri-state 2-input NAND gate. 
Excepting that the gate of Fig. 14A acts as a 2- 
input NAND gate in the active state, it is equivalent 
to the circuit of Fig. 14A inclusive of the operation 



in the nonactive state. Since it is easy for those 
skilled in the art to understand the configuration 
and operation, detailed description will be omitted. 
Since realization of multi-input gates such as NOR 

5 gates other than 2-input NAND gates is also self- 
evident to those skilled in the art, presentation of 
new drawings will be omitted. 

Rgs. 16A and 16B show a tri-state inverter 
which is an embodiment of the present invention 

70 and its logic symbol, respectively. In Fig. 16A 
numeral 700 denotes a circuit which is the same as 
the switching circuit shown in Fig. 7. A PMOS 1601 
has a source connected to the power source Vt , a 
drain connected to the source of the PMOS 704. 

75 and a gate connected to the input signal A. An 
NMOS 1602 and an NMOS 1603 are connected in 
series between the base of the PNP 701 and the 
reference potential Vq. Gates of the NMOS 1602 
and the NMOS 1603 are connected to the tri-state 

20 control signal E and the input signal A, respec- 
tively. Further, gates of the NMOS 702 and the 
PMOS 703 are coupled to the tri-state control sig- 
nals E'and E. respectively. 

The operation of this circuit in the quiescent 

25 state will now be described. Tri-state control sig- 
nals in the quiescent state are represented as E" = 
0 and E = 1 . At this time, therefore, the PMOS 704 
and the NMOS 1602 are at ON condition, and the 
NMOS 702 and the PMOS 703 are at OFF con- 

30 dition. 

When the input signal A is switched from the 
"0" level to the "1" level under this state, the 
PMOS 1601 is set at OFF condition and the NMOS 
1603 is set at ON condition. Therefore, the PNP 

35 701 is set at ON condition, and the output Oi is 
switched to the "0" level. When the input signal A 
is switched from the "1" level to the "0" level, the 
NMOS 1603 is set at OFF condition and the PNP 
701 is set at OFF condition. On the other hand, the 

40 output Oi is switched to the "1" level because the 
PMOS 1601 is set at ON condition. 

The operation of this circuit in the nonactive 
state will now be described. The tri-state control 
signals in the nonactive state are represented as E 

45 = 1 and E = 0. At this time, therefore, the PMOS 
704 and the NMOS 1602 are set at OFF condition, 
and the PNP 701 is also set at OFF condition. On 
the other hand, the base and the emitter of the 
PNP 701 are kept substantially at same potential 

50 because the NMOS 702 and the PMOS 703 are at 
ON condition. However the voltage level of the 
output Oi may change, therefore, reverse voltage 
is not applied between the base and the emitter of 
the PNP 701. Further, a false base current is gen- 

55 erated because the base potential of the PNP 701 
changes so as to follow the output Oi. Since this 
current is supplied from the output O- through the 
NMOS 702 and/or the PMOS 703, however, it is 
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prevented that the PMO^POI is improperty set at 
ON condition and a large innproper current flows to 
the'reference potential through the PNP 701. 

Fig. 17A shows a tri-state 2-input NAND gate 
circuit which is an embodiment of the present 
invention. Rg. 17B shows its logic symbol. In the 
present embodiment, the number of inputs of the 
tri-state Inverter shown in Fig. 16A is expanded to 
form a tri-state 2-input NAND gate. Excepting that 
the gate of Rg. 17A acts as a 2-input NAND gate 
in the active state, it is equivalent to the circuit of 
Fig. 14A inclusive of the operation in the nonactive 
state. Since it is easy for those skilled in the art to 
understand the configuration and operation, de- 
tailed description will be omitted. Since realization 
of multi-input gates such as NOR gates other than 
2-input NAND gates is also self-evident to those 
skilled in the art. presentation of new drawings will 
be omitted. 

Fig. 18 shows an embodiment of a dynamic 
bus of precharge type according to the present 
invention. 

In Fig. 18, numeral 1800 denotes a dynamic 
bus of precharge type, and numeral 1810 denotes 
a precharge circuit for presetting the bus 1800 at 
the "1" level of the original state. Numerals 1820 
and 1830 denote bus drivers for outputting results 
of predetermined logic operation to the bus 1800 in 
the nonactive period of the precharge circuit 1810 
under the control of control signals Ti and T2, 
respectively. 

In the bus precharge circuit 1810, numeral 100 
denotes the same circuit as the switching circuit 
shown in Fig. 1. A PMOS 1811 has a source 
connected to the power source, a drain connected 
to the base of the NPN 101, and a gate connected 
to a precharge control signal CK. Gates of the 
NMOS 102 and the PMOS 103 are coupled to the 
precharge control signal CK and a signal obtained 
by inverting the CK in an inverter 1812. respec- 
tively. Further, the emitter of the NPN 101 is con- 
nected to the bus 1800. 

The operation of the bus precharge circuit 
1810 will now be described- When the bus is 
precharged, the control signal is CK = 0. At this 
time, therefore, the PMOS 1811 is set at ON con- 
dition, and the NMOS 102 and the PMOS 103 are 
set at OFF condition. As a result, a base current is 
supplied from the PMOS 1811 to the NPN 101 to 
set the NPN 101 at ON condition. The bus 1800 is 
thus precharged to the "1" level. In Fig. 18, Ci 
denotes a capacitive load coupled to the bus 1800. 

When the precharge control signal CK is set at 
"1" level, the precharge circuit 1810 assumes the 
nonactive state. At this time, the PMOS 1811 is set 
at OFF condition, and the NPN 101 is also set at 
OFF condition. Further, the NMOS 102 and the 
PMOS 103 are set at ON condition. The base and 



the emitte^^the NPN 101 are thus kept substan- 
tially at same potential. 

The bus driver 1820 comprises an NPN 1823 
having a collector connected to the bus 1800 and 

5 an emitter connected to the reference potential, an 
NMOS 1821 and an NMOS 1822 connected in 
series between the collector and the emitter of the 
NPN 1823 and respectively having gates respec- 
tively connected to a bus output control signal Ti 

70 and an output data signal a, and discharge means 
1 824 for base charge connected between the base 
of the NPN 1823 and the reference potential. 

When the signal Ti is at the "1" level and the 
output data signal a is at the "1" level, the NMOS 

75 1821. the NMOS 1822 and the NPN 1823 are set 
at ON condition, and the bus 1800 is switched to 
the "0" level. On the other hand, the NPN 1823 is 
at OFF condition when a is at the "0" level. There- 
fore, the bus 1800 is kept at the "1" level. 

20 The other bus driver 1830 comprises an NMOS 

1831 and an NMOS 1832 connected in series 
between the bus 1800 and the reference potential 
Vo and respectively having gates respectively 
coupled to a bus output control signal T2 and a 

25 data output signal b. 

Assuming now that the signal T2 is at the "1" 
level and the output data signal b is at the "1" 
level, the NMOS 1831 and the NMOS 1832 are set 
at ON condition, and the bus 1800 is switched to 

30 the "0" level. On the other hand, when b is at the 
"0" level, the bus 1800 is kept at the""!" level 
because the NMOS 1832 is at OFF condition. 

When the bus 1800 is switched to the "0" level 
by either the bus driver 1820 or the bus driver 

35 1830 under the condition that the precharge circuit 
1810 is nonactive. the base potential of the NPN 
101 changes so as to follow the potential change of 
the bus. A false base current generated by the 
change of the base potential flows out to the bus 

40 1 800 through the NMOS 102 and/or the PMOS 
103. Therefore, it is prevented that the NPN 101 is 
improperly set at ON condition by the false base 
current and a large improper current flows from the 
power source Vi. Further, the base potential of the 

^5 NPN 101 changes so as to follow the potential of 
the bus 1800 when the precharge circuit 1810 is in 
the nonactive state. Therefore, reverse voltage is 
not applied between the base and the emitter of 
the NPN 101. 

50 Fig. 19 shows an embodiment of a dynamic 

bus of discharge type according to the present 
invention. 

In Fig. 19, numeral 1900 denotes a dynamic 
bus of discharge type, and numeral 1910 denotes a 
55 discharge circuit for presetting the bus 1900 to the 
"0" level of the original state. Numerals 1920 and 
1930 denote bus drivers for outputting the result of 
predetermined logic to the bus 1900 under the 
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control of control signals T3 and in the nonac- 
tive interval of the discharge circuit 1910. 

In the bus discharge circuit 1910. numeral 200 
denotes the same circuit as the switching circuit 
shown in Fig. 2. An NMOS 1906 has a drain 
connected to the base of the PNP 201, a source 
connected to the reference potential, and a gate 
coupled to a discharge control signal CK. Gates of 
the NMOS 202 and the PMOS 203 are coupled to 
a signal obtained by inverting the CK in an inverter 
1905 and to the CK. respectively. Further, the 
emitter of the PNP 201 is connected to the bus 
1900. 

The cperation of the bus discharge circuit 1910 
wiii now be described. When the bus is discharged, 
CK = i. At this time, therefore, the NMOS 1906 is 
set at ON condition, and the NMOS 202 and the 
PMOS 203 are set at OFF condition. As a result, 
the PNP 201 is set at ON condition, the bus 1900 
being discharged to the "0" level. In Fig. 19, Cl 
denotes a capacitive load connected to the bus 
1900. 

When the discharge control signal CK is set at 
the "0" level, the discharge circuit 1910 becomes 
nonactive. At this time, the NMOS 1906 is set at 
OFF condition, and the PNP 101 is also set at OFF 
condition. 

On the other hand, the NMOS 202 and the 
PMOS 203 are set at ON condition. Accordingly, 
the base and the emitter of the PNP 201 are kept 
substantially at same potential. 

The bus driver 1920 comprises an NPN 101 
having a coilector connected to the power source 

an emitter connected to the bus 1900, a PMOS 
1901 arc a PMOS 1902 connected in series be- 
tween the collector and the base of the NPN 101 
and respectively having gates respectively coupled 
to the bus output control signal T3 and a data 
output signal c. and an NMOS 102 and a PMOS 
103 ccnnectecTin parallel between the base of the 
NPN 102 and the bus 1900 and having gates 
respectively coupled to the control signal T3 and a 
signal obtained by inverting the T3 in an inverter 
1903- 

Assunr.ing now that the signal T3 is at the "0" 
level and the output data signal c is at the "0" 
level, the PMOS 1901. the PMOS 1902 and the 
NPN 101 are set at ON condition, and the bus 
1900 is switched to the "1" level. On the other 
hand, when c is at the "1 " level, the NPN 101 is at 
OFF conaition, and hence the bus 1900 is kept at 
the "0" level. 

The other bus driver 1930 comprises a PMOS 
1907 and a PMOS 1908 connected in series be- 
tween the power source Vi and the bus 1900, and 
respectively having gates respectively connected 
to the bus output control signal T4 and a data 
output signal d. 



Assuming now that the T* is at the "0" level 
and the output data signal d Is at the "0" level, the 
PMOS 1907 and the PMOS 1908 are set at ON 
condition, and the bus 1900 is switched to the "1" 

5 level. On the other hand, when the signal d is at 
the "1" level, the bus 1900 is kept at the "l" level 
because the PMOS 1907 is at OFF condition. 

When the bus 1900 is switched to the "1 " level 
by either the bus driver 1920 or the bus driver 

10 1930 under the condition that the bus discharge 
circuit 1910 is nonactive, the base potential of the 
PNP 201 changes so as to follow the potential 
change of the bus. A false base current generated 
by this base potential change is supplied from the 

75 bus 1900 through the NMOS 202 and/or the PMOS 
203. Therefore, it is prevented that the PNP 201 is 
improperly set at ON condition by the false base 
current and a large improper current flows to the 
PNP 201. 

20 When the bus 1900 is switched to the "0" level 

under the condition that the bus driver 1920 is 
nonactive and the bus discharge circuit 1910 is 
active, the base potential of the NPN 101 also 
changes so as to follow the potential change of the 

25 bus 1900. At this time, a false base current is 
generated by the change of the base potential. 
Since this current flows out to the bus 1900 
through the NMOS 102 and/or the PMOS 103. 
however, it is prevented that the NPN 101 is im- 

30 properly set at ON condition and a large improper 
current flows from the power source Vi . 

Fig. 20 shows an embodiment of a bus of static 
type according to the present invention. 

In Fig. 20. numeral 2000 denotes a static bus. 

35 and Cl denotes a capacitive load coupled to the 
bus. 

Numerals 2001 and 2003 denote bus drivers. 
Each of the bus drivers 2001 and 2003 comprises 
an embodiment of a bus driver according to the 

40 present invention as shown in Fig. 8A, 9A, 11 A. 
12A, 14A or 16A. The bus driver 2001 is driven by 
a control signal Ei and a signal obtained by invert- 
ing the control signal E\ in an inverter 2002 to 
output an output data signal ai onto the bus 2000. 

45 In the same way, the bus driver 2003 is driven by a 
control signal E2 and a signal obtained by inverting 
the control signal E2 in an inverter 2004 to output 
an output data signal as onto the bus 2000. An 
inverter 2005 is an input circuit for taking in data of 

50 the bus 2000. 

Further, numeral 2006 denotes a well-known 
clocked inverter comprising a CMOS circuit. The 
clocked inverter 2006 is driven by a control signal 
E3 and a signal obtained by inverting the control 

55 signal E3 in an inverter 2007 to output an output 
data signal bi onto the bus 2000. Further, numeral 
2010 denotes a well-known latch circuit comprising 
a CMOS circuit. The latch circuit 2010 takes in and 
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holds data of the bus 




with the clock signal 



CK. 

In such a bus system in which bus drivers 
connprising bipolar transistors are driven, it is es- 
sential that components of a nonactive bus driver 
are not damaged by electric stress and the nonac- 
tive bus driver is in the electrically connplete quies- 
cent state when the bus is charged or discharged 
by an active bus driver. As described with refer- 
ence to embodiments thus far, components of each 
of the bus drivers 2001 and 2003 are not damaged 
by electrical stress however the potential of the bus 
2000 may change when the bus driver is nonactive. 
Further, an electrically complete quiescent state 
can be realized. Therefore, an ideal static bus 
system can be realized. 

Fig. 21 is a block diagram showing the configu- 
ration of a principal part of an embodiment of a 
data processing apparatus according to the present 
invention. 

In Fig. 21, numeral 2102 denotes data process- 
ing means. The data processing means 2102 re- 
ceives processing data from data buses 2103 and 
2104. In response to a control command supplied 
from control means 2101, the data processing 
means 2102 executes data processing such as 
arithmetic operation and logical operation, and out- 
puts the result onto a data bus 2106 via a bus 
driver 2105. Numeral 2107 denotes data storage 
means. In response to a command supplied from 
the control means 2101, the data storage means 
2107 receives data from the data bus 2106 and 
stores the data. In response to a command sup- 
plied from the control means 2101, the stored data 
are read out onto the data buses 2103 and 2104 
via bus drivers 2108 and 2109. Numerals 2110 and 
21 1 1 denote bus precharge means or bus dis- 
charge means. In case the data buses 2103 and 
2104 are buses of precharge type, the means 2110 
or 2111 precharges the data buses 2103 and 2104 
in response to a command supplied from the con- 
trol means 2101. In case the data buses 2103 and 
2104 are buses of discharge type, the means 2110 
or 2111 discharges the data buses 2103 and 2104 
in response to a command supplied from the con- 
trol means 2101. In case the data buses 2103 and 
2104 are static buses, the bus precharge means or 
bus discharge means 2110 and 2111 are not nec- 
essary. Numerals 2112 and 2113 denote bus- 
through means. In response to a command sup- 
plied from the control means 2101, the bus-through 
means 2112 transfers data on the data bus 2106 to 
the data bus 2104. In the same way, the bus- 
through means 2113 transfers data on the data bus 
2103 to the data bus 2106 in response to a com- 
mand supplied from the control means 2101. Nu- 
meral 2114 denotes data receiver/transmitter 
means between the data processing means and an 



external dl^fe. In response to a command sup- 
plied, from the control means 2101. the data 
receiver/transmitter means sends data on the data 
bus 2106 to outside or takes data from the outside 

s onto the data bus 21 06. 

Numeral 2101 denotes control means, which 
controls the operation of the entire data processing 
apparatus, in Fig. 21, broken lines represent flows 
of control from the control means 2101 to respec- 

70 tive portions of the processing apparatus. 

The precharge circuit 1810 comprising a bi- 
polar transistor as shown in Fig. ISA or the dis- 
charge circuit 1910 comprising a bipolar transistor 
as shown in Fig. 19A is used as the means 2110 

75 and 2111. 

In case at least one out of the bus drivers 
2105, 2108 and 2109 and the bus-through circuits 
2112 and 2113 comprises a static bus, a bus driver 
comprising a bipolar transistor as shown in the 

20 embodiments of Figs. BA to 18A is used. In case of 
a dynamic bus, the bus drivers 1910 and 1920 as 
shown in the embodiment of Fig. 19 are used. 

In a data processing apparatus using bus drive 
means according to the present invention, the op- 

25 eration speed in the active state is significantly 
raised owing to the high load drive capability of a 
bipolar transistor. In addition, components are not 
damaged by electrical stress, and an electrically 
complete quiescent state is obtained in the nonac- 

30 tive state. As a result, a high-speed system having 
high reliability can be realized. 

As understood from the description of the em- 
bodiments thus far, high speed operation in the 
active state is attained in a switching circuit com- 
as prising a bipolar transistor and a CMOS transistor. 
In addition, electric stress is not applied to compo- 
nents and an electrically complete quiescent state 
can be realized in the nonactive state. As a result, 
circuits and systems having high speed, high per- 

40 formance and high reliability can be advantageous- 
ly realized. 

Claims 

45 

1 . A switching circuit comprising: 
a bipolar transistor (101; 201) having a collector, a 
base receiving an input signal (h) and an emitter; 
a first-conductivity type MOS transistor (102; 202) 

50 having drain and source connected to the base and 
emitter, respectively, of said bipolar transistor and 
a gate receiving a first control signal (Ci) which 
controls selectively ON and OFF of said first-con- 
ductivity type MOS transistor; 

55 a second-conductivity type MOS transistor (103; 
203) having source and drain connected to the 
base and emitter, respectively, of said bipolar tran- 
sistor and a gate receiving a second control signal 
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(Ca) which controls selectively ON and OFF of said 
second-conductivity type MOS transistor; and 
control signal generating means (1 04; 204) for gen- 
erating the first and second control signals selected 
so as 10 set both said first-conductivity type MOS 
transistor and said second-conductivity type MOS 
transistor at ON condition thereby causing the em- 
itter and base of said bipolar transistor to be sub- 
stantially at same potential when said bipolar tran- 
sistor is at OFF condition. 

2. A switching circuit according to Claim 1. 
wherein said first control signal- and said second 
control signal generated by said control signal gen- 
erating means are opposite each other in polarity. 

3. A switching circuit comprising: 

a first NPN transistor (301) having a collector con- 
nected to a first power source terminal (VJ, an 
emitter connected to an output terminal (O^ ) and a 
base receiving a first input signal fJO: 
a second NPN transistor (304) having a collector 
connected to said output terminal (Oi), an emitter 
connected to a second power source terminal (V2) 
and a base receiving a second input signal (I2); 
an NMOS transistor (302) having a drain connected 
to the base of said first NPN transistor, a source 
connected to said output terminal and a gate re- 
ceiving a first control signal which controls selec- 
tively ON and OFF of said NMOS transistor; 
a PMOS transistor (303) having a source con- 
nected to the base of said first NPN transistor, a 
drain connected to said output terminal and a gate 
receiving a second control signal which controls 
selectively ON and OFF of said PMOS transistor; 
and 

a control signal generating unit (305) for generating 
said first and second control signals selected so as 
to set both said NMOS transistor and said PMOS 
transistor at ON condition thereby causing said 
output terminal (00 and the base of said first NPN 
transistor to be substantially at same potential 
when both of said first and second NPN transistors 
are at OFF condition. 

4. A switching circuit comprising: an input ter- 
minal (\^) for receiving an input signal; 

an NPN transistor (401: 501) having a collector 
connected to a first power source terminal (Vi), an 
emitter connected to an output terminal (Oi ) and a 
base receiving said input signal; 
a PNP transistor (404; 504) having a collector con- 
nected to said output terminal, an emitter con- 
nected to a second power source terminal (V2) and 
a base receiving said input signal; 
an NMOS transistor (402; 502) having a drain con- 
nected to the base of said NPN transistor, a source 
connected to said output terminal and a gate re- 
ceiving a first control signal (Ci) which controls 
selectively ON and OFF of said NMOS transistor; 
a PMOS transistor (403; 503) having a source 



connected to the base of said NPN transistor, a 
drain connected to said output terminal and a gate 
receiving a second control signal (C2) which con- 
trols selectively ON and OFF of said PMOS transis- 
5 tor; and 

a control signal generating unit (405; 506) for gen- 
erating said first and second control signals se- 
lected so as to set both said NMOS transistor and 
said PMOS transistor at ON condition thereby 
70 causing said output terminal (Oi) and said input 
terminal (I1) to be substantially at same potential 
when both said NPN transistor and said PNP tran- 
sistor are at OFF condition. 

5. A switching circuit according to Claim 4, 
15 further comprising resistor means (505) between 

said input terminal and said output terminal. 

6, A switching circuit comprising: 

a first input terminal (ii) for receiving a first input 
signal; 

20 a second input terminal (I2) for receiving a second 
input signal; 

an NPN transistor (601) having a collector con- 
nected to a first power source terminal (Vi). an 
emitter connected to a first output terminal (Oi) 

25 and a base receiving said first input signal; 

a first NMOS transistor (604) having a drain con- 
nected to said first terminal, a source connected to 
a second output terminal and a gate receiving said 
second input signal; 

30 a second NMOS transistor (602) having a drain 
connected to the base of said NPN transistor, a 
source connected to said first output and a gate 
receiving a first control signal (C- ) which controls 
selectively ON and OFF of said second NMOS 

35 transistor; 

a PMOS transistor (603) having a source con- 
nected to the base of said NPN transistor, a drain 
connected to said first output terminal and a gate 
receiving a second control signal (C2) which con- 

40 trols selectively ON and OFF of said PMOS transis- 
tors; and 

a control signal generating unit (605) for generating 
said first and second control signals selected so as 
to set both said second NMOS transistor and said 

45 PMOS transistor at ON condition thereby causing 
said first output terminal and said first input termi- 
nal to be substantially at same potential when both 
said PNP transistor and said first NMOS transistor 
are at OFF condition. 

50 7. A switching circuit comprising: 

a PMOS transistor (704) having a drain connected 
to a first output (Oi). a source connected to a 
second output (O2) and a gate receiving a first 
input signal (h); 

55 a PNP transistor (701) having a collector connected 
to a second power source terminal (V2), an emitter 
connected to said first output terminal and a base 
receiving a second input signal (b); 
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an NMOS transistor (705'^ving a drain connected 
to said first output terminal, a source connected to 
the base of said PNP transistor and a gate receiv- 
ing a first control signal (Ci); 
a second PMOS transistor (703) having a source 
connected to said first output terminal, a drain 
connected to the base of said PNP transistor and a 
gate receiving a second control signal (C2); and 
a signal generating unit (705) for generating said 
first and second control signals selected so as to 
set both said NMOS transistor and said second 
PMOS transistor at ON condition thereby causing 
said first output terminal and the base of said PNP 
transistor to be substantially at same potential 
when both said first PMOS transistor and said PNP 
transistor are at OFF condition. 

8. A tri-state circuit comprising: 
a first NPN transistor (301) having a collector con- 
nected to a first power source terminal (Vi) and an 
emitter connected to an output terminal (Oi): 
a second NPN transistor (304) having a collector 
connected to said output terminal and an emitter 
connected to reference potential (Vq); 
a first NMOS transistor (302) having a drain and a 
source connected to the base and the emitter, 
respectively, of said first NPN transistor and a gate 
receiving a first tri-state control signal ( E~) which 
controls selectively ON and OFF of said first 
NMOS transistor; 

a first PMOS transistor (303) having a drain and a 
source connected to the base and the emitter, 
respectively, of said first NPN transistor and a gate 
receiving a second tri-state control signal (E) which 
controls selectively ON and OFF of said first PMOS 
transistor; 

a PMOS logic connected between said first power 
source terminal (Vi) and the base of said first NPN 
transistor and including a second PMOS transistor 
(801; 1001) having a gate receiving said first tri- 
state control signal ( E~) for controlling selectively 
ON and OFF thereof and a PMOS combination 
connected in series with said second PMOS tran- 
sistor and including at least one third PMOS tran- 
sistor (802; 1002. 1003) having gate means receiv- 
ing at least one input signal (A; A, B) for controlling 
ON and OFF of said at least one PMOS transistor; 
a first NMOS logic connected between the base of 
said first NPN transistor and the reference potential 
(Vo) and including a second NMOS transistor (803; 
1004) having a gate receiving said second tri-state 
control signal (E) for controlling selectively ON and 
OFF thereof and an NMOS combination connected 
in series with said second NMOS transistor and 
including at least one third NMOS transistor (804; 
1005, 1006) having gate means receiving at least 
one input signal (A; A, B) for controlling ON and 
OFF of said at least one NMOS transistor; 
a second NMOS logic connected between said 



output temMal (O1) and the base of said second 
NPN transistor and including a fourth NMOS tran- 
sistor -805; 1007) having a gate receiving said 
second tri(state control signal (E) for controlling 

5 selectively ON and OFF thereof and an NMOS 
combination connected in series with said fourth 
NMOS transistor and including at least one fifth 
NMOS transistor (806; 1008, 1009) having gate 
means receiving at least one input signal (A; A. B) 

10 for controlling ON and OFF of said at least one 
NMOS transistor; 

a sixth NMOS transistor (808; 1011) having a drain 
connected to the base of said second NPN transis- 
tor, a source connected to the reference potential 
75 and a gate receiving the first tri-state control signal 
( E") which controls selectively ON and OFF of the 
sixth NMOS transistor: and 

base charge discharging means (807; 1010) con- 
nected between the base of the second NPN bi- 

20 polar transistor and said reference potential. 
9. A tri-state circuit comprising: 
a first NPN transistor (301) having a collector con- 
nected to a first power source terminal (Vi) and an 
emitter connected to an output terminal (O1 ); 

25 a second NPN transistor (304) having a collector 
connected to said output terminal and an emitter 
connected to reference potential (Vo); 
a first NMOS transistor (302) having a drain and a 
source connected to the base and the emitter, 

30 respectively, of said first NPN transistor and a gate 
receiving a first tri-state control signal ( E~) which 
controls selectively ON and OFF of said first 
NMOS transistor; 

a first PMOS transistor (303) having a drain and a 
35 source connected to the base and the emitter, 
respectively, of said first NPN transistor and a gate 
receiving a second tri-state control signal (E) which 
controls selectively ON and OFF of said first PMOS 
transistor; 

40 a PMOS logic connected between said first power 
source terminal (Vi) and the base of said first NPN 
transistor and including a second PMOS transistor 

(901) having a gate receiving said first tri-state 
control signal ( W) for controlling selectively ON 

45 and OFF thereof and a PMOS combination con- 
nected in series with said second PMOS transistor 
and including at least one third PMOS transistor 

(902) having gate means receiving at least one 
input signal (A) for controlling ON and OFF of said 

50 at least one PMOS transistor; 

a first resistor (906) connected between the base of 
said first NPN transistor and said output terminal 
(O1); 

an NMOS logic connected between said output 
55 terminal (Oi) and the base of said second NPN 
transistor and including a second NMOS transistor 

(903) having a gate receiving a second tri-state 
control signal (E) for controlling selectively ON and 
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OFF thereof and an NMOS combination connected 
in series with said second NMOS transistor and 
including at least one third NMOS transistor (906) 
liaving gate means receiving at least one input 
signal (A) for controlling ON and OFF of said at 
least one NMOS transistor; 

a fourth NMOS transistor (905) having a drain con- 
nected to the base of said second NPN transistor, 
a source connected to the reference potential and 
a gate receiving the first tri-state control signal ( E") 
which controls selectively ON and OFF of the 
fourth NMOS transistor; and 

a second resistor (907) connected between the 
base of said NPN bipolar transistor and the refer- 
ence potential. 

10. A tri-state circuit comprising: 
an NPN transistor (401; 501) having a base, a 
collector connected to a first power source terminal 
(Vi ) and an emitter connected to an output terminal 
(Oi ); 

a PNP transistor (404; 504) having a base, an 
emitter connected to the output terminal and a 
collector connected to reference potential (Vo); 
a first NMOS transistor (402; 502) having a drain 
connected to the base of said PNP transistor, a 
source connected to the output terminal and a gate 
receiving a first control signal ( E~) which controls 
selectively ON and OFF of said first NMOS transis- 
tor; 

a first PMOS transistor (403; 503) having a source 
connected to the bases of said NPN transistor and 
said PNP transistor, a drain connected to said 
output terminal, and a gate receiving a second tri- 
state control signal (E) for controlling selectively 
ON and OFF thereof; 

a PMOS logic connected between said first power 
source terminal (Vi) and the bases of said NPN 
transistor and said PNP transistor and including a 
second PMOS transistor (1101; 1201; 1301) having 
a gate receiving said first tri-state control signal for 
contrciling selectively ON and OFF thereof and a- 
PMOS combination connected in series with said 
second PMOS transistor and including at least one 
third PMOS transistor (1102; 1202; 1302. 1303) 
having gate means receiving at least one input 
signal (A; A, B) for controlling ON and OFF of said 
at least one PMOS transistor; and 
an NMOS logic connected between the bases of 
said NPN transistor and said PNP transistor and 
the reference potential (Vq) and including a second 
NMOS transistor (1104; 1204; 1306) having a gate 
receiving said second tri-state control signal (E) for 
controlling selectively ON and OFF thereof and an 
NMOS combination connected in series with said 
second NMOS transistor and including at least one 
third NMOS transistor (1103: 1203; 1304. 1305) 



having gate means receiving at least one input 
signal (A; A, B) for controlling ON and OFF of said 
at least one NMOS transistor. 

11. A tri-state circuit according to Claim 10. 
5 further comprising resistor means (505) between 

the bases of the NPN transistor and the PNP 
transistor and the output terminal. 

12. A tri-state circuit comprising: 

an NPN transistor (601) having a base, a collector 
10 connected to a first power source terminal (Vi) and 
an emitter connected to an output terminal (Oi ); 
a first NMOS logic connected between the output 
terminal and the reference potential (Vq) and in- 
cluding an NMOS transistor (1405. 1508) having a 
75 gate receiving a first tri-state control signal (E) for 
controlling selectively ON and OFF thereof and an 
NMOS combination connected in series with said 
NMOS transistor and including at least one second 
NMOS transistor (604; 604. 1507) having gate 
20 means receiving at least one input signal (A; A. B) 
for controlling ON and OFF of said at least one 
NMOS transistor; 

a PMOS logic connected between said first power 
source terminal (Vi) and the base of said NPN 

25 transistor and including a first PMOS transistor 
(1401; 1501) having a gate receiving a second tri- 
state control signal ( E") for controlling selectively 
ON and OFF thereof and a PMOS combination 
connected in series with the first PMOS transistor 

30 and including at least one second PMOS transistor 
(1402: 1502. 1503) having gate means receiving at 
least one input signal (A; A, B) for controlling ON 
and OFF of said at least one PMOS transistor; 
a second NMOS logic connected between the base 

35 of the NPN transistor and the reference potential 
and including a third NMOS transistor (1404: 1506) 
having a gate receiving the first tri-state control 
signal for controlling selectively ON and OFF there- 
of and an NMOS combination connected in series 

40 with said third NMOS transistor and including at 
least one fourth NMOS transistor (1403: 1504, 
1505) having gate means receiving at least one 
input signal (A; A. B) for controlling ON and OFF of 
said at least one NMOS transistor; 

45 a fifth NMOS transistor (602) having a drain and a 
source connected to the base and the emitter, 
respectively, of said NPN transistor and a gate 
receiving a second tri-state control signal which 
controls selectively ON and OFF of the fifth NMOS 

50 transistor; and 

a third PMOS transistor (603) having a source and 
a drain connected to the base and the emitter, 
respectively, of said NPN transistor and a gate 
receiving the second tri-state control signal which 

55 controls selectively ON and OFF of said third 
PMOS transistor. 
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13. A tri-state circuiWffnprising: 

a PMOS logic connected between a first power 
source terminal (Vi) and an output terminal (Oi) 
and including a first PMOS transistor (704) having 
a gate receiving a first tri-state control signal ( E") 
for controlling selectively ON and OFF thereof and 
a PMOS combination connected in series with said 
first PMOS transistor and including at least one 
second PMOS transistor (1601; 1701, 1702) having 
gate means receiving at least one input signal (A; 
A, B) for controlling ON and OFF of said at least 
one PMOS transistor; 

a PNP transistor (701) having a base, an emitter 
connected to said output terminal and a collector 
connected to reference potential; 
a first NMOS transistor (702) having a drain con- 
nected to said output terminal, a source connected 
to the base of the PNP transistor, and a gate 
receiving the first tri-state control signal which con- 
trols selectively ON and OFF of said first NMOS 
transistor; 

a third PMOS transistor (703) having a source 
connected to the output terminal, a drain connected 
to the base of the PNP transistor and a gate 
receiving a second tri-state control signal which 
selectively controls ON and OFF of the third PMOS 
transistor; and 

an NMOS logic connected between the base of the 
PNP transistor and the reference potential and in- 
cluding a second NMOS transistor (1602; 1703) 
having a gate receiving said second tri-state control 
signal (E) for controlling selectively ON and OFF 
thereof and an NMOS combination connected in 
series with said second NMOS transistor and in- 
cluding at least one third NMOS transistor (1603; 
1704. 1705) having gate means receiving at least 
one input signal (A; A, B) for controlling ON and 
OFF of said at least one third NMOS transistor. 

14. A bus precharge circuit comprising: 

an NPN transistor (101) having a base, a collector 
connected to a first power source terminal (VJ and 
an emitter connected to a bus (1800) of precharge 
type: 

a PMOS transistor (1811) having a source con- 
nected to the first power source terminal (Vi), a 
drain connected to the base of the NPN transistor, 
and a gate coupled to a precharge control signal 
(CK); 

an NMOS transistor (102) having a drain connected 
to the base of said NPN transistor, a source con- 
nected to said bus and a gate coupled to said 
precharge control signal; and 
a PMOS transistor (103) having a drain connected 
to the base of said NPN transistor, a source con- 
nected to the bus and a gate coupled to an in- 
verted signal of the precharge control signal. 
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15. A'^lcharge circuit for bus of discharge 
type comprising: 

a PNP transistor (201) having a base, an emitter 
connected to a bus (1900) of discharge type, and a 

5 collector connected to reference potential (Vq); 

an NMOS transistor (1906) having a drain con- 
nected to the base of said PNP transistor, a source 
connected to the reference potential and a gate 
coupled to a discharge control signal (CK); 

70 a PMOS transistor (1203) having a drain connected 
to said bus. a source connected to the base of the 
PNP transistor and a gate coupled to said dis- 
charge control signal; and 

an NMOS transistor (1202) having a drain con- 
75 nected to said bus. a source connected to the base 
of the PNP transistor and a gate coupled to an 
inverted signal of the discharge control signal. 

16. A bus output circuit comprising: 

an NPN transistor (101) having a base, a collector 
20 connected to the first power source terminal (Vi). 
an emitter connected to a bus (1900) of discharge 
type; 

a PMOS logic connected between the first power 
source terminal and the base of said NPN transis- 

25 tor and including a PMOS transistor (1901) having 
a gate receiving a bus output control signal (T3) for 
controlling selectively ON and OFF thereof and a 
PMOS combination connected in series with the 
PMOS transistor and including at least one PMOS 

30 transistor (1902) having gate means receiving at 
least one input signal (C) for controlling ON and 
OFF of said at least one PMOS transistor; 
an NMOS transistor (102) having a drain connected 
to the base of said NPN transistor, a source con- 

35 nected to the bus and a gate coupled to said bus 
output control signal (T3); and 
a PMOS transistor (103) having a source con- 
nected to the base of said NPN transistor, a drain 
connected to the bus and a gate coupled to an 

40 inverted signal of the bus output control signal. 

17. A static bus system including at least two 
static bus output circuit (2001, 2003, 2006) and at 
least one bus signal receiver circuit (2010), at least 
one of said bus output circuits comprising: 

45 at least one bipolar transistor having an emitter 
connected to an output terminal of the bus output 
circuit; and 

a PMOS transistor and an NMOS transistor each 
having a source connected to the base of said 
50 bipolar transistor, and a drain connected to the 
output terminal and each being set at ON condition 
when the bus output circuit is not operating. 

18. A data processing apparatus including data 
processing means (2102). data storage means 

55 (2107). a plurality of bus means (2103, 2104. 2106) 
for connecting the data processing means to the 
data storage means, data output means (2105, 
2108. 2109) for coupling outputs of the data pro- 
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cessing means and the data storage means to the 
bus means, and control means (2101) for control- 
ling the data processing means, the data storage 
means, the bus means and the data output means, 
at least one of said data output means comprising: 
at least one bipolar transistor having an emitter 
connected to an output terminal of the data output 
means: and 

a PMOS transistor and an NMOS transistor each 
having a source connected to the base of said 
bipolar transistor, and a drain connected to the 
output terminal and each being set at ON condition 
when the data output means is not operating. 

19. A data processing apparatus according to 
Ciaim 18, further comprising bus-through means 
(2112) for interconnecting buses, said bus-through 
means comprising: 

at least one bipolar transistor having an emitter 
connected to an output terminal of the bus-through 
means; and 

a PMOS transistor and an NMOS transistor each 
having a source connected to the base of said 
bipolar transistor, and a drain connected to the 
output terminal and each being set at ON condition 
when the bus-through means is not operating. 

20. A data processing apparatus, at least one 
of a plurality of bus means comprising a dynamic 
bus of precharge type or discharge type, at least 
one of means (2110, 2111) for precharging or dis- 
charging said bus comprising: 

at least one bipolar transistor having an emitter 
connected to an output stage of the precharge or 
discharge means; and 

a PMOS transistor and an NMOS transistor each 
having a source connected to the base of said 
bipolar transistor, and a drain connected to an 
output terminal and each being set at ON condition 
when the precharge means or the discharge means 
is not operating. 

21. A data processing apparatus according to 
Claim 20, wherein the plurality of bus means com- 
prise a mixture of a static bus and a dynamic bus. 

22. A semiconductor circuit comprising: 

£ bipolar transistor (101, 201) having a collector 
connected to a power source terminal (Vi), an 
emitter connected to an output terminal (Oi) and a 
base coupled to an input (h); and circuit means 
(102. 103; 202, 203) for causing said output poten- 
tial and the base of said bipolar transistor to be 
substantially at same potential when said bipolar 
transistor is in the quiescent state. 

23. A semiconductor circuit comprising: 

a bipolar transistor having a collector connected to 
reference potential, an emitter connected to an 
output terminal and a base coupled to an input; 
and 

circuit means for causing the base and the emitter 
of said bipolar transistor to be substantially at same 



potential when said bipolar transistor is in the qui- 
escent state. 
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